CONCLusIONs
The study demonstrated a significant relationship between left ventricular contractile reserve on DSE and long -term all -cause mortality following CRT device implantation. The presence of septal flash and interventricular dyssynchrony but not myocardial viability was predictive of the response to resynchronization. The results indicate that interference of multiple different mechanisms may be responsible for the general effect of CRT.
view with pulsed -wave Doppler sample volume positioned at the tip of the leaflets; and stroke volume that was obtained at rest and at stress by the LV outflow (LVOT) Doppler method (outflow tract area × LVOT time velocity integral).
Mitral regurgitation (MR) severity was evaluated by an integrative approach, including the measurements of vena contracta at color Doppler images and the ratio of the MR jet to the left atrial area. Also, diastolic regurgitant flow was reported if present.
The conventional 16 -segment LV model was used to characterize contraction by the echocardiographic wall motion score index (WMSI). Each of the segments was analyzed individually in multiple echocardiographic views on the basis of systolic thickening and motion. The segment function was scored as follows: normal = 1, hypokinetic = 2, akinetic = 3, and dyskinetic (or aneurysmatic) = 4. The WMSI was derived as the sum of all scores divided by the number of segments visualized.
Doppler myocardial imaging velocity data were recorded using a color -coded technique with a sector adjusted to include 2 opposing LV walls at optimal width and depth in apical views.. The longitudinal velocity profiles were also recorded using spectral images with the sample volume placed over the color -coded myocardial area at the septal and lateral mitral annulus and lateral tricuspid annulus in the apical 4 -chamber view. This allowed us to calculate the E/E' ratio as well as to evaluate right ventricular (RV) systolic function.
Timing of diastole, systole, and isovolumic contraction (ICT) and relaxation times were determined using transmitral and aortic Doppler profiles.
Assessment of left ventricular mechanical dyssyn-
chrony Several indices of intraventricular dyssynchrony were included into the study: 1) LV filling time (LVFT) in relation to cardiac cycle length (RR) as measured by transmitral pulsed--wave Doppler and expressed as percentage LVFT/RR 10 ; 2) maximum difference of time to onset of systolic velocity for 6 segments at basal level 11 ; and 3) septal flash, defined as the presence of an early septal wall thickening/thinning within the ICT at rest and/or during dobutamine stress echocardiography (DSE). The septal flash occurrence was determined on the short-axis or parasternal long -axis view either using grey scale or tissue Doppler color M -mode (rapid change of color related to the early and fast motion of the septum occurring during the ICT), as described previously.
12
Interventricular delay was calculated as the difference between the LV and RV preejection periods from pulsed -wave Doppler velocity images of the corresponding outflow tracts.
dobutamine stress echocardiography protocol β -blocker therapy was either temporarily discontinued 24 hours prior to the study, or the most individuals, resulting in a lack of improvement among the substantial proportion of patients. To reduce the rate of such nonresponders, different predictors of beneficial outcome have been proposed, including numerous echocardiographic dyssynchrony indices and myocardial viability. [4] [5] [6] [7] Although believed to be promising, their role remains controversial and there is no general acceptance to use them in clinical management of patients. This study sought to identify mechanical dyssynchrony indices with combination of myocardial viability assessment with low -dose dobutamine for predicting a long -term response to CRT, with both clinical and echocardiographic follow -up.
PATIENTs ANd mEThOds
ViaCRT was an investigator -initiated multicenter study under the coordination of the Working Group on Echocardiography of the Polish Cardiac Society. Patients were enrolled across 12 centers in Poland between January 2009 and May 2012. The detailed list of participating institutions and investigators is given in the APPENdIx. The study was approved by local ethics committees, and patients provided written informed consent to participate in the study. The following inclusion criteria were applied: New York Heart Association (NYHA) functional class III or IV under optimal pharmacotherapy, QRS duration of 120 ms or higher, and LV ejection fraction (LVEF) of 35% or lower. Clinical assessment (NYHA functional class, 6 -minute walk test, medical therapy, electrocardiography [ECG] , and echocardiography) were performed at baseline and following CRT after 6 weeks, 6 months, and 12 months. All participating centers collected the data for an integrated database.
Echocardiographic imaging A standard transthoracic cardiac ultrasound examination was performed both at rest and during dobutamine infusion. This included the acquisition of optimized grey scale imaging data sets and spectral Doppler flows as well as myocardial velocity data. Vivid 7 and 9 (GE Vingmed, Horten, Norway) scanners were mainly used, while Philips IE 33 (Philips Healthcare, Best, The Netherlands) was used occasionally. The images were stored digitally for subsequent reading (EchoPac, GE Vingmed, Horten, Norway).
The following parameters were included into the analysis: LV internal dimensions in end--diastolic and end -systolic phases that were measured from parasternal long -axis 2 -dimensional (2D) images; LV volumes and ejection fraction that were measured using the 2D Simpson method; peak E wave, its deceleration time, and A -wave velocities that were measured using transmitral flow velocities obtained from the apical 4 -chamber measurements were included into the analysis of the CRT effect on myocardial contraction from baseline through follow -up. Clinical improvement was also assessed, corresponding to an increase in the 6 -minute walk test of 10% or higher or a reduction in NYHA functional class of 1 or more.
statistical analysis Normally distributed continuous variables were expressed as mean ± SD, unless otherwise indicated. Dichotomous data were expressed as percentages. Continuous variables within and between groups were compared using 2 -tailed paired and unpaired t test. Categorical data were compared using the Fisher exact test or the χ 2 test. Continuous variables were correlated using a simple regression test. The following parameters were planned to be tested a priori for significance: contractile reserve during low -dose DSE, correlation between contractile reserve and degree of reverse remodeling, and correlation between contractile reserve and clinical improvement. A P value of less than 0.05 was considered statistically significant. The analyses were performed with the use of SAS/STAT software (SAS Institute Inc, Cary, North Carolina, United States). A multivariate analysis was performerd using stepwise multiple regression and including standard error of coefficient.
REsuLTs A total of 127 patients were studied. Their baseline characteristics are presented in TAbLE 1. Heart failure with reduced LVEF included ischemic as well as nonischemic etiology. Sinus rhythm was seen on ECG in all patients. On DSE, preserved LV contractile reserve was detected in 23 patients (18%) with regards to an increase in the WMSI increase and in 62 patients (48.0%) with regards to an improvement in LVEF.
Responders and nonresponders in echocardiograph-
ic and clinical follow -up Death from all -cause occurred in 21 patients (16.5%) at 12 months. There was a significant difference in mortality between the subgroups with and without preserved LV contractile reserve detected by an increase in the WMSI, corresponding to 1 (4.4%) and 20 (19.4%) fatal events, respectively (P = 0.048). The predictive value of an increase in LVEF on DSE was only significant at 6 months, with all--cause death occurring in 1 patient (1.6%) with viabile myocardium and 7 patients (12.1%) with nonviable myocardium (P = 0.029). No significant differences in both clinical and echocardographic responder rates were observed at 12 months between surviving patients with and without LV contractile reserve, determined by a reduction in the WMSI as well as an increase in LVEF (TAbLE 2) . There was a weak but significant correlation between the echocardiographic response to CRT at 12 months and improvement of LV contractility during DSE, baseline interventricular dyssynchrony, as well as intraventricular dyssynchrony expressed by the maximum difference of time to onset of systolic velocity for 6 segments at basal recent dose of the medication was postponed and administered after completion of imaging. A standard low -dose DSE using the 16 -segment LV model was performed by a graded dobutamine intravenous infusion, starting at a dose of 5 mg/kg/min, and increasing at 5 -minute intervals to 10 mg/kg/min, 15 mg/kg/min, and a maximum of 20 mg/kg/min. Blood pressure and ECG recordings were obtained at rest and at the end of every stage of the protocol. The infusion was terminated if completion of the protocol or 85% of the maximum age -predicted heart rate was achieved. Also, dobutamine was discontinued if any of the following events occurred: arrhythmia, angina, hemodynamic decompensation, as well as new ECG abnormalities or new wall motion abnormalities in at least 2 LV segments. Improvement in the WMSI or in LVEF exceeding 20% from baseline to peak stress was considered significant for detection of preserved contractile reserve. definition of response Response to CRT was defined as a relative change in LV end -systolic volume leading to a reduction of more than 10% compared with baseline (paired LV end -systolic volume measurements). This approach is in agreement with a previous report.
13 Additionally, LVEF multivariate analysis In a stepwise regression analysis, the presence of septal flash and interventricular dyssynchrony were identified as independent indices with the ability to predict echocardiographic response at 12 months (TAbLE 4) . Septal flash and myocardial viability determined by an increase in LVEF during DSE were predictors of beneficial LV remodeling only at 6 weeks and 6 months.
dIsCussION survival at follow -up The present ViaCRT study demonstrated a significant relationship between LV contractile reserve at baseline DSE and all -cause mortality in patients with a subsequent implantation of CRT device. The detection of viability determined by the decrease of the WMSI was a predictor of improved survival at long term, whereas the increase of LVEF had a beneficial effect on the risk of fatal events at 6 weeks and 6 months. These findings provide an important additional insight into the concept of management efficacy in patients considered for biventricular pacing and are in agreement with the previously published prospective follow--up. 14 Another multicenter trial, LODO, 6 demonstrated a significant difference between patients with and without LV contractile reserve, but the clinical benefit was only reported evaluating a composite endpoint of cardiac survival/ hospitalization. A number of studies on the role of dobutamine in the assessment of candidates for CRT did not include all -cause mortality for the follow -up analysis. 7,12 However, the most recent report has found no association between contractile reserve on low -dose DSE with a threshold of 5% change in LVEF and long -term survival. 15 In the ViaCRT cohort, the underlying mechanism of fatal events was not studied. Furthermore, the assessment did not include prognostic significance of biomarkers. 16
Echocardiographic and clinical parameters reflecting response to cardiac resynchronization therapy Unlike in the LODO trial and some other reports, detection of LV viability with a dobutamine test in the ViaCRT study was not predictive of the response to CRT at long -term follow -up. This is also contrary to a 6 -week follow -up of the ViaCRT study group, which was published before.
17 The potential explanation is the difference in mortality between the subgroups with and without contractile reserve: it was demonstrated to be significant at 12 months but not at 6 weeks of follow -up. Furthermore, in the LODO trial, 6 the absence of cardiovascular death or heart failure hospitalization was defined as clinical response, while the 6 -minute walk test and NYHA class were not assessed.
As septal flash was the echocardiographic parameter predicting response to CRT in our study, these results are consistent with a previous publication by other group.
12 From a different level ( perspective, the analysis of the CARE -HF trial 18 data showed that patients with more severe interventricular dyssynchrony derived greater benefit from CRT. Taking these data together with discrepant findings on the role of contractile reserve, it appears likely that there are multiple different mechanisms behind the response to CRT, as was suggested previously. 4 Therefore, according to the latest ESC guidelines on cardiac pacing and CRT, LV dyssynchrony assessment with imaging techniques is unreliable and should not be used as a selection criterion for CRT. 1 Furthermore, there is a spectrum of responses to biventricular pacing. 1 The choice of criteria for echocardiographic and clinical improvement varies between studies, complicating a direct comparison.
In conclusion, the ViaCRT study demonstrated a significant relationship between LV contractile reserve detected by low -dose dobutamine echocardiography and all -cause mortality during long--term follow -up in patients with an implantation of CRT device. On the contrary, the presence of septal flash and interventricular dyssynchrony but not detection of LV viability was predictive of the response to CRT. The results indicate that the interference of multiple different mechanisms may be responsible for the general effect of CRT.
